Antibiotic-resistant Escherichia coli (n ¼ 191) and Salmonella enterica (n ¼ 87) isolates of human and animal origin obtained in Lithuania during [2005][2006][2007][2008] were characterized for the presence and diversity of class 1 and 2 integrons. E. coli isolates were obtained from patients with urinary tract infections (UTIs) (n ¼ 59) and both healthy and diseased farm animals, including poultry (n ¼ 54), swine (n ¼ 35), and cattle (n ¼ 43). Isolates of nontyphoidal S. enterica were recovered from salmonellosis patients (n ¼ 37) and healthy animals, including poultry (n ¼ 31) and swine (n ¼ 19). The presence of integrons, their gene cassette structure, and genome location were investigated by polymerase chain reaction, restriction fragment-length polymorphism, DNA sequencing, Southern blot hybridization, and conjugation experiments. Forty percent of the E. coli and 11% of the S. enterica isolates carried class 1 integrons, whereas class 2 integrons were found in E. coli isolates (9%) only. The incidence of integrons in human UTIs and cattle isolates was most frequent ( p < 0.01). A total of 23 different gene cassettes within 15 different variable regions were observed. Seven different integron types, all of them transferable by conjugation, were common for isolates from human infections and for one or more groups of animal isolates. The most prevalent integron types contained arrays dfrA1-aadA1 (36%), dfrA17-aadA5 (23%), and dfrA1-sat1-aadA1 (78%). Two E. coli isolates from humans with UTIs harbored class 1 integron on conjugative plasmid with the novel array type of 4800 bp/dfrA17-aadA5D-IS26-DintI1-aadB-aadA1-cmlA residing on the Tn21-like transposon. Three S. enterica isolates from swine contained class 1 integron with the newly observed array type of 1800 bp/ aadA7-aadA7. Integrons of 10 different types of both classes were located on transferable plasmids in E. coli and S. enterica. Our study demonstrated the existence of a considerable and common pool of transferable integrons in E. coli and S. enterica present in clinical and livestock environment in Lithuania.
Introduction
T he high levels of antibiotics in human medicine and use of antimicrobials in the livestock for prevention and treatment of animal diseases have led to the emergence and spread of multidrug-resistant (MDR) bacterial pathogens, which in recent years has become a problem worldwide (Davies, 2007) . Transfer of MDR determinants within and/or between human and animal commensal and pathogenic bacteria could take place and poses the risk for the occurrence of MDR-pathogen-associated infections (Leverstein- Van Hall et al., 2002; van Essen-Zandbergen et al., 2007) . Of concern are MDR strains of zoonotic bacteria-in particular, members of Enterobacteriaceae family, which represent a common agent of foodborne human illnesses (Swartz, 2002) .
The most common agents of the emergence and dissemination of MDR genes among bacteria are integrons, which represent the efficient gene capture and expression structures (Stokes and Hall, 1989; Rowe-Magnus and Mazel, 2001) . Over 2000 unique gene cassette types are currently annotated in the integron database ( Joss et al., 2009 ). The insertion of resistance genes as gene cassettes leads to various combinations of MDR pattern (Hall and Collis, 1995) . The presence of integrons on mobile elements such as plasmids and transposons greatly facilitates the spread of antibiotic resistance among bacteria and contributes to the evolution of these resistance vehicles through recombination process Mazel, 2006) . Integrons of classes 1 and 2 are the most frequent and widely distributed among Enterobacteriaceae and are thought to be largely responsible for the spread of MDR phenotypes (Davies, 2007) .
The prevalence and nature of MDR among Gram-negative bacteria in clinical and agricultural environment in Lithuania is largely unknown. Studies evaluating the MDR determinants among commensal and pathogenic bacteria from various sources have yet to be presented; however, Lithuania has recently joined European Union surveillance programs on antibiotic resistance of clinically important pathogens and begun to implement monitoring programs on the antibiotic resistance of zoonotic bacteria and other infectious agents according Zoonoses Directive 2003/99/EC (European Union Directive, 2003; EARSS, 2008) .
In this study, we investigated the presence, distribution, and profiles of resistance gene cassettes and localization of class 1 and 2 integrons in antibiotic-resistant Escherichia coli and Salmonella enterica isolates recovered from clinical specimens and healthy and diseased farm animals in Lithuania during [2005] [2006] [2007] [2008] . The special emphasis was taken to evaluate to what extent the indistinguishable types of transferable integrons are carried by E. coli and S. enterica isolates from human infections and from animals produced for food.
Materials and Methods

Bacterial isolates
A total of 191 E. coli and 87 S. enterica nonrepetitive isolates resistant to at least two unrelated antimicrobials were selected for integron studies.
E. coli human clinical isolates (n ¼ 59) were collected randomly from diverse units of nine hospitals located in different regions of Lithuania and were recovered from patients with urinary tract infections (UTIs). S. enterica isolates (n ¼ 37) were obtained from fecal samples of patients with clinical diagnosis of salmonellosis.
The E. coli isolates of animal origin were obtained from 18 farms (6 of cattle, 7 of swine, and 5 of poultry) from different regions of the country. All isolates from healthy animals (cattle [n ¼ 17] and poultry [n ¼ 27]) were obtained from feces. The isolates from diseased animals (cattle [n ¼ 26] , swine [n ¼ 35] , and poultry [n ¼ 27]) were obtained from feces or from internal organs (poultry). Diarrhea in all animal species and syndrome of chronic respiratory disease in poultry were the main manifestation of the disease. Only one randomly selected isolate per healthy animal (in the case of diseased animals, only one typable or nontypable isolate) from one herd was used for further testing.
S. enterica isolates of animal origin were isolated from swine (n ¼ 19) and chicken (n ¼ 31) meat collected in slaughterhouses.
E. coli strains were isolated on MacConkey Agar (Oxoid Ltd., Basingstoke, United Kingdom). S. enterica were isolated using standard methods according to ISO 6579:2002. Biochemical properties were determined using Microbact identification kits and results were interpreted using Microbact 2000 software (Oxoid Ltd.). S. enterica serotyping was performed according Kauffmann-White serotyping schemes (Popoff and Minor, 2001 ).
Antimicrobial susceptibility testing
Antibiotic susceptibility testing was performed by disc diffusion (Kirby-Bauer) method according to Clinical and Laboratory Standards Institute (CLSI) guidelines (CLSI, 2006) . The isolates were interpreted as susceptible or resistant according to the inhibition zone diameter using CLSI recommendations. Intermediate susceptible strains were considered as nonsusceptible. The discs were obtained from Oxoid Ltd.
The antimicrobials used for the susceptibility testing of E. coli and S. enterica isolates were as follows (mg/disc): ampicillin (10), gentamicin (120), trimethoprim-sulfamethoxazole (1.25/23.75), ciprofloxacin (5), tetracycline (30), and chloramphenicol (30).
The E. coli ATCC 25922 was used as the reference strain.
Polymerase chain reaction analysis and DNA sequencing DNA for polymerase chain reaction (PCR) was prepared by boiling the bacterial culture. About 2 mL of the suspension was added to 25 mL of the PCR mixture. Primers used in this study are listed in Table 1 . All isolates were analyzed for class 1 and class 2 integrase genes (intI1 and intI2) using primer pairs IntI1-F/IntI1-R and IntI2-F/IntI2-R, respectively (Mazel et al., 2000; Lanz et al., 2003) . intI1-positive isolates were examined for the presence of the sulfonamide resistance gene sulI by PCR using primer pair SulI-F/SulI-R (Chen et al., 2004) .
Gene cassette arrays of class 1 integrons were amplified by PCR using primer pair 5 0 CS/3 0 CS annealing to the sequences flanking the attI1 site of the 5 0 -conservative segment (5 0 CS) and the 3 0 -conservative segment (3 0 CS) (Lévesque et al., 1995) . Similarly, primer pair Hep74/Hep51 complementary to attI2 and orfX (open reading frame X) sites was used for PCR amplification of class 2 integron gene cassette arrays . Taq DNA polymerase (AB Fermentas, Vilnius, Lithuania) was used for amplification according manufacturer's recommendations. When needed, PCR was performed using Long PCR Enzyme Mix (AB Fermentas).
To confirm the presence of S. enterica serotype Typhimurium, primer pair Mdh-F/Mdh-R was used to amplify a 216-bp fragment of the malic acid dehydrogenase gene (mdh) specific for Salmonella typhimurium (Lin and Tsen, 1999) . A 162-bp 16S-to-23S spacer region specific for Salmonella Typhimurium of definitive phage type 104 (DT104) was amplified with the primer pair DT104-F/DT104-R (Pritchett et al., 2000) . The DNA of the left and the right junction of SGI1 was amplified with primer pairs UJ-L12/LJ-R1 and 104-RJ/C9-L2 or 104-RJ/ 104-D, respectively (Boyd et al., 2001) .
Amplification products were gel purified using Perfect Prep Gel Cleanup Kit (Eppendorf AG, Hamburg, Germany) and submitted for DNA sequencing at the DNA sequencing center of Institute of Biotechnology (Vilnius, Lithuania). Nucleotide sequences of the amplicons were compared in the GenBank (NCBI) database using the BLAST program blastn (www.ncbi.nlm.nih.gov/blast/).
Restriction analysis of PCR products
Representative amplicons were analyzed by restriction fragment-length polymorphism (RFLP) analysis using restriction endonucleases AluI, Bme1390I, and HinfI (AB Fermentas). The restriction mixture (total 20 mL) contained 0.5-1 mg of amplicon DNA and 5 U of restriction enzyme in the buffer recommended by the supplier. Restriction products were fractionated by gel electrophoresis (2.5% agarose in 1186 POVILONIS ET AL.
Tris-acetate EDTA buffer with 0.5 mg/mL of ethidium bromide). The length of restriction fragments was determined by comparing them with the migration of GeneRuler 100 bp DNA Ladder (AB Fermentas).
Conjugation experiments
Conjugation experiments were conducted by mating E. coli or S. enterica strains harboring integrons with different array types as donor strains and rifampicin-resistant E. coli HK225 as the recipient strain (Kadlec and Schwarz, 2008 ) at a donor:recipient ratio 1:5 as described by Kadlec et al. (2005) . Transconjugants were selected on LB agar plates containing rifampicin (100 mg/L) and trimethoprim (10 mg/L) or rifampicin (100 mg/L) and spectinomycin (100 mg/L). Transconjugants were tested for the presence of class 1 and class 2 integrons by PCR and RFPL analysis of amplicons.
Pulsed-field gel electrophoresis and DNA hybridization
Agarose gel plugs for pulsed-field gel electrophoresis were prepared according to standard methods outlined by PulseNet (CDC, 2004) and Barton et al. (1995) . Briefly, agaroseembedded cells were lysed and total genomic DNA was digested in 200 mL volume with 20 U of nuclease S1 for 1 h at 378C. DNA was electrophoresed on 1% agarose gels by CHEF DR-II Pulsed-Field Electrophoresis System (BioRad Laboratories, Hercules, CA) using the initial switch time of 2.16 s and final switch time of 54.17 s at an angle of 1208 at 6 V/cm for 19 h.
Pulsed-field gels were transferred onto blotting membrane Hybond-N (Amersham Pharmacia Biotech, Buckinghamshire, United Kingdom) according to standard protocols (Sambrook et al., 1989) and hybridized to the 32 P-labeled DNA probes for genes sulI and intI2, specific for class 1 and class 2 integrons, respectively, and to the aadA1 probe for class 1 integrons harboring aadA1 cassette but lacking sulI. The DNA probes were labeled using DecaLabelÔ DNA Labeling Kit (AB Fermentas). After washing, the membranes were exposed to the phosphoimager plate for 6 h and were scanned with a FLA5100 Phosphoimager (FujiFilm, Tokyo, Japan).
Statistical analysis
Chi-square or Fisher exact test was used for the comparison of categorical variables. A p-value of <0.05 was considered to be statistically significant. Statistical analyses were performed by GraphPad Prism (GraphPad software, San Diego, CA).
Accession number
DNA sequences of newly observed gene cassette arrays aadA7-aadA7 and dfrA17-aadA5D-IS26-DintI1-aadB-aadA1-cmlA were deposited in the GenBank database under accession numbers FJ980455 and GQ402463, respectively.
Results
Occurrence of class 1 and class 2 integrons in E. coli and S. enterica isolates of human and animal origin Thirty-six percent (101/278) of the selected E. coli and S. enterica isolates, obtained from human and animal sources and resistant to at least two unrelated antibiotics, harbored integrons of classes 1 and 2. Single class 1 and class 2 integrons were observed at the frequencies of 29% (81/278) and 5% (14/ 278), respectively. Two S. enterica isolates harbored two different class 1 integrons (Table 2) . Four E. coli isolates carried integrons of both classes. Sixteen percent (16/103) of intIpositive isolates and 38% (11/29) of intI2-positive isolates lacked variable regions containing gene cassettes (VRs). Nine percent (9/103) of intI1-positive isolates lacked sulI.
Forty-eight percent (91/191) of E. coli isolates carried integrons. Class 1 and class 2 integrons were found in 40% (77/ 191) and 9% (21/191) isolates, respectively. The frequency of class 1 and class 2 integrons in E. coli isolates within different groups was as follows: 53% (31/59) and 14% (8/59) in isolates 
191)
Salmonella enterica (n ¼ 87)
Class 1 integrons 1000 from UTIs, 58% (25/43) and 7% (3/43) in isolates from cattle, 26% (9/35) and 14% (5/35) in isolates from swine, and 22% (12/54) and 4% (2/54) in isolates from poultry. S. enterica isolates carried class 1 integrons only (10/87, 11%). The integron incidence rate within different groups was 37% (7/19) in swine isolates, 6% (2/31) in poultry isolates, and 3% (1/37) in clinical isolates.
Characterization of class 1 and class 2 integron gene cassettes by RFLP and DNA sequencing
A total of 21 different gene cassettes were identified in 12 different types (Fig. 1A) of class 1 integrons. The most frequent were those coding for variants of aminoglycoside adenylyltransferases (aadA) conferring streptomycinspectinomycin resistance and/or dihydrofolate reductases (dfr) conferring trimethoprim resistance. The most common aadA variants were aadA1 and aadA5, being detected in 60% (52/87) and 25% (22/87) of class 1 integron-positive bacterial isolates, respectively. Five dfr gene variants were distributed at the following order (number of isolates): dfrA1 (32/87, 37%), dfrA17 (22/87, 25%), dfrA12 (5/87, 6%), dfrA14 (3/87, 3%), and dfrA5 (1/87, 1%).
Other genes found on cassettes in class 1 integrons conferred resistance to the aminoglycosides (aacA4 and aadB), b-lactams (bla PSE-1 ), chloramphenicol (catB3 and cmlA), erythromycin (ereA2), and coded for an esterase of unknown function (estX).
Two S. enterica serovar Typhimurium isolates (from human and poultry each) carried class 1 integron with a 1200 bp/ bla PSE-1 gene cassette in combination with another class 1 integron with 1000 bp/aadA2 gene cassette, which were present on Salmonella genomic island 1 (SGI1) in MDR S. enterica serotype Typhimurium DT104.
The array type dfrA1-aadA1 was most frequent and was detected in 36% (31/87) of class 1 integron-positive E. coli isolates from human UTIs, poultry, cattle (healthy and diseased), swine (diseased), and from single S. enterica poultry isolate. The second most common array type was dfrA17-aadA5, which prevailed in UTI E. coli isolates (17) and was carried by two E. coli isolates from cattle ( Table 2 ).
The same class 1 integron types shared among different groups of isolates were aadA1, dfrA12-orfF-aadA2, and estXaadA1. The remaining integron types were present within single groups of isolates. Among them, class 1 integrons with newly identified gene cassette arrays were observed. Three S. enterica isolates from swine carried class 1 integron with gene cassette array aadA7-aadA7 (1800 bp) (GenBank accession number FJ980455).
Two UTI E. coli isolates harbored plasmid-borne class 1 integron with the array of *4800-bp dfrA17-aadA5D-IS26-DintI1-aadB-aadA1-cmlA (GenBank accession number GQ402463). Within this array, the IS26 element was inserted 157 bp downstream the 5 0 -end of the aadA5 gene as the second gene cassette (Fig. 2) . At the right insertion site of IS26, the 3 0 -end-truncated integrase gene (intI1) was observed followed by the resistance gene cassettes aadB, aadA1, and cmlA. DNA sequence analysis downstream the qacED1 and sul1 genes revealed the presence of the complete orf5 and orf6, which were followed by macrolide inactivation gene cluster mphRmrx-mphA (Noguchi et al., 1995) , flanked by the IS6100 element and additional copy of IS26. The transposition genes tnpR and tnpM, characteristic for Tn21, were determined upstream the 5 0 CS, the 3 0 -end of tnpR being truncated by one more copy of IS26.
Of the three different array types of class 2 integrons (Fig.  1B) , the dfrA1-sat1-aadA1 array was most frequent, being found in E. coli isolates from UTIs (8/8, 100%), diseased cattle (3/3, 100%), and diseased swine (2/5, 40%), as well as in a single isolate from healthy poultry ( Table 2) ; 1, 1500 bp/dfrA1-aadA1; 2, 1600 bp/dfrA17-aadA5; 3, 1600 bp/dfrA14-aadA6; 4, 1000 bp/ aadA1; 5, 2000 bp/estX-aadA1; 6, 2000 bp/dfrA12-orfF-aadA2; 7, 1800 bp/aadA7-aadA7; 8, 2600 bp/aacA4-catB3-dfrA1-orfX; 9, 2100 bp/dfrA5-ereA2; 10, 4800 bp/dfrA17-aadA5D-IS26-DintI1-aadB-aadA1-cmlA; 11, 1000 bp/aadA2 þ 1200 bp/ bla PSE-1 . Lanes in (B): M, GeneRuler 100 bp DNA Ladder (AB Fermentas); 1, 2200 bp/dfrA1-sat1-aadA1; 2, 2500 bp/estXsat2-aadA1; 3, 1300 bp/dfrA1-sat1. frequent cassettes within class 2 integrons were aadA1 (17/18, 94%), sat1 (15/18, 83%), and dfrA1 (14/18, 78%).
Conjugal transfer and genomic location of integrons
Conjugal transfer was confirmed for 10 of 12 different types of class 1 integrons and for two of three different types of class 2 integrons. Transconjugants were intI1 or intI2 positive, and displayed an identical size of amplicons and RFLP pattern of variable region as the parental strains. Of transferable class 1 integron types, eight were found located on plasmids of size >50 kb as determined by DNA hybridization (data not shown).
Chromosomal location of class 1 integrons with gene cassettes aadA2 and bla PSE-1 in the S. enterica serotype Typhimurium DT104 isolates was shown by DNA hybridization and PCR, targeting the SGI1 flanking regions (data not shown). Nontransferable class 1 integron with gene cassette array dfrA14-aadA6 and class 2 integron with gene cassette array estX-sat2-aadA1 were also found located in chromosomal DNA (Table 2) .
Discussion
Of the 278 E. coli and nontyphoidal S. enterica isolates obtained from human infections and animal sources in Lithuania and resistant to at least two unrelated antimicrobials, 101 (36%) harbored class 1 and/or class 2 integrons. Class 1 integrons were found in 40% of selected antibiotic-resistant E. coli isolates, whereas the occurrence of class 2 integrons was significantly lower-9% ( p < 0.01). This is consistent with the data on the prevalence of integrons among E. coli isolates from human and animal sources in other European countries, which range between 30% and 80% for the class 1 integrons and between 3% and 15% for the class 2 integrons (Goldstein et al., 2001; Guerra et al., 2003; Heir et al., 2004; Sunde and Norstrom, 2006; Cocchi et al., 2007; van Essen-Zandbergen et al., 2007; Kadlec and Schwarz, 2008; Machado et al., 2008; ) . The incidence of class 1 and 2 integrons was highest in E. coli UTI isolates (63%) and isolates belonging to groups of diseased and healthy cattle (69% and 59%, p < 0.01). Importantly, the integron prevalence in isolates from healthy and diseased animals was similar in groups of cattle (59% vs. 69%) and poultry (30% vs. 22%) isolates. Isolates from healthy and diseased animals (poultry and cattle) also shared identical integron types, transferable by conjugation (Table 2 ). These observations suggest a possible horizontal transfer of integronassociated resistance determinants between commensal and pathogenic E. coli.
Human UTI E. coli isolates harbored the highest diversity of integron types (seven different types). Notably, only two of different integron types were unique to human isolates, the other types being found in animal isolates from various groups. The class 1 integron with dfrA1-aadA1 array was most common and was found in all representative groups of human and animal E. coli isolates and in S. enterica poultry isolates (Table 2 ). This clearly indicates the transferability of this integron type between Enterobacteriaceae present in different environments. The global dissemination of dfrA1-aadA1 integron among S. enterica isolates has been recently reported by Krauland et al. (2009) .
The other most commonly observed class 1 integron types were dfrA17-aadA5 and aadA1. These integrons, along with dfrA1-aadA integron, appear to be mostly disseminated in E. coli isolates recovered from human and animal sources in Europe and United States (Dolejská et al., 2008; Kadlec and Schwarz, 2008; Machado et al., 2008; Ajiboye et al., 2009) . In our study, aadA1 integron type was most frequent in E. coli animal isolates (from poultry, swine, and cattle) and was present in a single UTI E. coli isolate, whereas the vast majority of class 1 integrons with dfrA17-aadA5 array were found in UTI isolates except for two isolates from diseased and healthy cattle each.
dfrA12-orfF-aadA2 array was less prevalent ( p < 0.01); nevertheless, it was found in E. coli isolates from UTIs, healthy poultry, and in S. enterica isolates from swine, indicating its transferability among bacteria, consistent with the recent observations showing that dfrA12-orfF-aadA2 is the most world widespread class 1 integron type among nontyphoidal S. enterica isolates (Krauland et al., 2009) .
Two human UTI E. coli isolates carried a sul1-type class 1 integron residing on the conjugative plasmid of >50 kb with a novel genetic organization of variable region. The genetic environment, identified in this study, suggests its presence on a Tn21-like transposon. The transposition genes tnpR and tnpM, characteristic for Tn21, were determined upstream the 5 0 CS, where the 5 0 -end of the tnpR gene was truncated by IS26. The transposition module was followed by the class 1 integrase gene intI1, full-length dfrA17 gene cassette, and an aadA5 gene cassette, truncated by another IS26 copy. The region tnpM-intI1-dfrA17-aadA5D showed 99% similarity to Tn21-like transposon, harbored by E. coli conjugative plasmid pIP1206 (Périchon et al., 2008) . The observed structural organization suggests probable insertion event into a common dfrA17-aadA5 integron by IS26 harboring the 5 0 CS-truncated aadB-aadA1-cmlA integron, the inserted region likely being a part of composite transposon. Adjanced to the 3 0 CS, a macrolide resistance gene cluster, flanked by IS6100 and IS26 elements, was present. An identical element was observed by Williams et al. (2006) on Tn21-like transposon harbored by E. coli pLEW517 plasmid. The observed novel gene cassette arrangement carried by clinical E. coli isolate strongly endorses the plasticity of bacterial genome, where IS elements play an important role for acquisition/mobilization of antibiotic resistance genes as well as formation of composite transposons and therefore responsible for efficient dissemination of resistance determinants and adaptation to the clinical environment.
The occurrence of class 1 integrons in human S. enterica isolates was significantly lower compared to clinical E. coli isolates (3% vs. 53%, p < 0.01). The low prevalence of class 1 integrons was also found in S. enterica isolates from poultry, which is thought one of the main sources of drug-resistant Salmonella human infections (Miko et al., 2005) . However, the incidence of class 1 integrons and diversity of their gene cassette arrays among Salmonella isolates from swine, produced for slaughter, was significantly higher compared to poultry isolates (37% vs. 6%, p < 0.01). Therefore, swine represent a considerable source of Salmonella-associated MDR determinants, which could be potentially transferred to humans through the food chain.
Of six different integron types found in S. enterica isolates from swine, poultry, and humans, four types were also found in E. coli. All different class 1 integrons observed in S. enterica carried variant of the streptomycin resistance aadA gene on cassettes. The origin of the frequent incidence of aadA gene cassettes within integrons of classes 1 and 2, found in different environments, where specific selective pressure of relevant antimicrobials varies considerably, is still disputed (Antunes et al., 2006; Srinivasan et al., 2008; Barlow et al., 2009 ). However, an extensive streptomycin usage in the livestock for infection treatment and/or prevention purposes could support such selection. Newly observed class 1 integron-type aadA7-aadA7 carrying streptomycin resistance gene duplication in S. enterica isolates of swine origin could be a response to the extensive use of streptomycin in the livestock production.
Class 2 integrons were found exclusively in E. coli, the dfrA1-sat1-aadA1 array being the most prevalent among isolates from all sources except from the poultry. The dominance of this integron type is in accordance with the observations reported by other similar studies conducted in Europe (Saenz et al., 2004; Cocchi et al., 2007; Vinue et al., 2008) .
Twelve out of 15 different class 1 and class 2 integrons (67%) identified in this study have been transferred by conjugation and found to be located on the plasmids of different size (>50 kb) and on the SGI1-like genome element. Therefore, they represent a considerable source for horizontal transfer of a variety of antibiotic resistance genes among Enterobacteriaceae. Our observation that certain integron types, however, are common between isolates from different sources suggests the possibility of such transmission route.
Conclusions
We observed a significant proportion and a large diversity of transferable class 1/class 2 integrons among antibioticresistant human pathogens as well as pathogens and commensal Enterobacteriaceae isolates from poultry, swine, and cattle. The genetic data obtained could serve as a starting basis for further monitoring of the emergence and dissemination of integron-mediated antibiotic resistance in pathogenic and commensal bacteria in Lithuania and in the neighboring East European countries.
